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Abstract ; Landscape pattern is the result of the interaction between human and nature. During the urbanization process, the
landscape pattern had changed significantly, which affected the ecological process and thus threatened ecosystem services.
The assessment of the impacts of landscape pattern on ecosystem services is crucial for regional sustainable development.
Taking Beijing as a case study, we quantified the spatiotemporal changes of six selected ecosystem services, including food
production, water purification, air quality regulation, carbon storage, habitat quality, and recreation opportunity from 1980
to 2018 by using the InVEST and Recreation Opportunity Spectrum ( ROS) models. In addition, we analyzed changes of
landscape patterns in Beijing, and explored the impacts of landscape patterns on ecosystem services. The results showed
that: 1) the landscape pattern in Beijing experienced dramatically changes from 1980 to 2018. The build—up land expanded

by 120% , which mainly resulted in the reduction of cropland. The overall landscape pattern tended to be fragmented, the
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patch shape index became more complicated and the heterogeneity of the patches also increased. 2) Food production, water
purification, carbon storage, habitat quality, and recreation opportunity showed a decreasing trend from 1980 to 2018.
Spatially, food production was higher in the southeast and lower in the northwest. For the other ecosystem services, they
were higher in the northwest, lower in the southeast, and the lowest in the central downtown area. During the past 38 years,
the food production decreased the most in the central region of Beijing, while the air quality regulation, carbon storage,
habitat quality, and recreational opportunity decreased the most in the eastern and southern regions. 3) At the landscape
level, changes in land—use types, such as woodland, grassland, and build—up land had the most significant impacts on
ecosystem services. Landscape metrics, such as the fragmentation index and diversity index influenced ecosystem services
more obviously. At the class level, the mean patch area and the patch aggregation index had the most significant impacts on
ecosystem services. Among them, the mean paich area and aggregation index of woodland showed positive effects on air
quality and carbon storage. However, the aggregation index of built—up land showed a negative effect on habitat quality. In
general , this study focused on analyzing the impacts of landscape pattern changes on ecosystem services, which can help
decision makers to improve the ecosystem services by optimizing landscape patterns. The results of this study also can

provide theoretical and practical basis for promoting regional landscape sustainable planning.
Key Words: ecosystem services; land use; landscape pattern metrics; impact analysis
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Table 1 The selected typical landscape metrics of Beijing
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Fig.1 Changes of land use in Beijing City, 1980—2018
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Table 2 Table of transfer in different land use types in Beijing City, 1980—2018

2018 4E
1980 ¢ e ity Rl Kbk A
Cropland Woodland Grassland Water bodies Built-up land
Bt Cropland 3441.55 576.14 244.04 107.19 1632.36
e Woodland 163.65 6861.00 87.66 28.36 138.05
Ml Grassland 78.88 197.76 984.79 33.22 61.80
JKM Water bodies 58.70 36.84 44.83 237.82 39.02
AL Built-up land 99.90 115.37 49.17 10.37 1034.54

£ 3 JbtFTH 1980—2018 £ 2K FHEH
Table 3 Landscape metrics for landscape levels, Beijing City, 1980—2018

A4y Year PD/ A LSI CONTAG CONNECT SHDI
1980 0.65 64.21 1.06 61.29 0.08
1990 0.79 67.74 1.06 60.77 0.08
2000 1.24 84.26 1.07 58.17 0.06
2010 1.59 87.59 1.06 58.10 0.06
2018 2.28 94.86 1.06 57.31 0.06

FH-ALHETH 1980—2018 4EK AT B UL A (4 4) 290, BEHLTE 1980—2000 4F BEHUHL F1 1 % , Py BE sk
MR BESAERS R AR J e, BSOS WG, S SRR 22, 2000—2018 46, BhA
SRR SR, B AEIOR A PRI  Hhs i LB ST 1980—2018 4EAEHAFIE NI, ¥ 4950
TRV, 24, BRI P, 5 0 s, e 0 1 R 130 ¢ K
I P RIS I A, BARE W, BES R LR
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Table 4 Landscape metrics for class levels, Beijing City, 1980—2018

i *E'b;é&, 1980 4 1990 4 2000 4F- 2010 4 2018 4F
Landscape type Metrics
Hh b PD/A 0.08 0.07 0.27 0.20 0.07
Cropland MPS/hm? 478.24 499.48 107.96 140.93 331.33
ED/(m/hm?) 12.65 13.20 16.63 15.34 12.63
Al 97.42 97.23 95.78 95.82 95.97
piS:i! PD/A 0.10 0.11 0.22 0.39 0.47
Woodland MPS/hm? 478.24 499.48 107.96 140.93 331.33
ED/(m/hm?) 9.75 10.10 11.63 13.50 16.26
Al 98.32 98.26 98.07 97.82 97.41
i PD/A 0.08 0.08 0.20 0.35 0.50
Grassland MPS/hm? 99.82 101.00 38.70 23.09 17.21
ED/(m/hm?*) 7.28 7.53 7.46 8.33 10.03
Al 93.42 93.23 92.62 92.34 91.26
PN PD/A 0.09 0.22 0.13 0.13 0.10
Water bodies MPS/hm? 27.41 11.49 23.13 18.03 24.55
ED/(m/hm?) 2.49 2.76 3.75 3.15 3.02
Al 92.62 91.65 90.65 90.13 91.15
A PD/ A 0.29 0.32 0.39 0.49 1.13
Built-up land MPS/hm? 27.36 28.04 35.41 29.99 15.64
ED/(m/hm?*) 6.54 7.29 11.56 12.73 15.90
Al 93.94 93.89 93.82 93.49 93.32
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Fig.2 Changes of the ecosystem services in Beijing from 1980 to 2018
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